The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or charge, for personal research or study, educational, or not-for-prot purposes provided that:
Introduction
Square-planar complexes with the d 8 electron configuration are attractive building blocks for a variety of luminescent materials, due to their unsaturated coordination sphere. [1] Such compounds are studied as emitters for OLEDs [2] and for bioimaging [3] , as they often show intense luminescence at room temperature. [1, 3] Aggregation is a key consideration because of its effects on luminescence energies and intensities. [4] Chemical variations can be used to modify the effects of aggregation. [5] Variations of ligands can lead to changes of both the molecular electronic structure [6] and the packing, making it challenging to explore individual contributing factors. Changes of the environment only, e.g. from crystals to solutions, or vapochromic effects, offer a more continuous variation. In this paper, we present results based on a continuous variation of the environment through external pressure leading to significant and characteristic effects on the luminescence spectra. [7] Pressure-induced trends reveal particularly rich information, with shifts of luminescence maxima that can vary between -400 cm -1 /kbar [8] and +50 cm /kbar, occur for compounds with strong metal-metal interactions such as tetracyanoplatinates. [8, 11] The results presented here fill the gap in these ranges and document the behavior of MLCT and ligand-centered transitions.
4
The schematic structures and abbreviations for the five platinum(II) complexes used in this study are shown in Scheme 1. The complexes are neutral and have different ligands with extended  systems, influencing stacking in the crystals and excited-state energies.
Experimental
The syntheses and characterization of all compounds have been published. [5, 6, [12] [13] [14] Luminescence and Raman spectra were measured using an InVia spectrometer coupled to an imagingmicroscope (Leica) and argon ion lasers. The excitation wavelength used was 488 nm forall luminescence measurements and 785 nm for the Raman spectra. Variable-temperature spectra were measured using a Linkam gas-flow microcryostat system and variable-pressure spectra with a diamond anvil cell (High Pressure Diamond Optics, Inc.). Pressure was determined by monitoring the luminescence of a ruby chip included with the sample in the diamond anvil cell. [7, 9] Ruby luminescence is denoted by asterisks in Figs 1 to 3.
Spectroscopic Results
Luminescence spectra of the five crystalline platinum(II) complexes are shown in Figs 1 to 5 at variable temperature and pressure. Values of the pressure-induced shifts are given in Table 1 .
BrNCNPtCl in Fig. 1 shows a single broad band at all temperatures and pressures explored. The band maximum shifts to lower energy with increasing pressure and decreasing temperature, as shown in Fig. 1 . Trends of band maxima in the same direction at high pressure and low 5 temperature are expected, as both variations lead to a decrease of the sample volume. [10] The maximum shifts by +2.6 cm -1 /K. The band width increases from 1100 cm -1 to 1500 cm -1 between 80 K and room temperature, the characteristic signature of a vibronic intensity mechanism, as intensity increases mainly to the high-energy side of the electronic origin. This effect contributes to the shift of the maximum to higher energy as temperature increases. [15] The luminescence spectra of PyNCNPtCl at variable pressure are presented in Fig. 2 , and a more highly structured band at approximately 18000 cm -1 . At room temperature, this second band disappears.
The NCNPtCl complex shows a broad band without resolved structure at pressures higher than 10 kbar, illustrated in Fig. 3a . At ambient pressure and variable temperature, the spectrum in Fig.   3b shows some resolved structure, indicating a transition of a different nature than for the previous two complexes. /kbar is observed for many complexes [10] , and, in exceptional cases, a strong shift to lower energy, on the order of -100 cm -1 /kbar. [16] The behavior reported here for luminescence transitions of a different type falls in between these two limits, as discussed in the following. Table 1 .
The variations of the luminescence spectra with temperature reveal that transitions of different nature are close in energy for the five compounds. BrNCNPtCl shows a shift of the maximum to higher energy as temperature increases, but no evidence of a different transition is observed in the spectra recorded at variable temperature in Fig. 1 . The shift with temperature is due to both vibronic intensity gains, [15] leading strictly to a broadening on the high-energy side of the band, and intermolecular interactions, qualitatively leading to changes of the electronic origin and on the low-energy side of the band and increasing the total shift of E max to higher energy as temperature increases, indirect evidence for the influence of intermolecular interactions.
The variable-temperature luminescence spectra for PyNCNPtCl in Fig. 2b show a The variable-temperature luminescence spectra of NCNPtCl in Fig. 3b show the typical behavior of a ligand-centered transition with resolved vibronic structure at low temperature and loss of resolution as temperature increases. For the complexes in Figures 4 and 5 , the band maxima do not show significant shifts with temperature.
The vibronic structure for NCNPtCl and Pt(BAM)Me 2 can be quantitatively analyzed using the time-dependent theory of electronic spectroscopy. [18] [19] [20] Harmonic potential energy surfaces defined by vibrational frequencies identical for the ground and emitting states are assumed. Initial values for the frequencies, the energy of the electronic origin E 00 and the width  of each vibronic transition were estimated from the experimental spectra and adjusted to improve agreement between calculated and experimental spectra. The offsets  between ground and emitting state potential energy minima along normal coordinates were also adjusted. Calculated spectra are in good agreement with experimental data, as shown in Fig. 7 , and all parameter values used for the calculations are given in Table 2 . The shape and overall width of the spectra are defined by the intensity distribution within the vibronic progressions, arising from small but significant offsets of the emitting state potential energy surface along ligand-centered normal coordinates, most likely stretching modes given their frequencies on the order of 1300 cm Table 2 Fit parameters used to calculate the luminescence spectra shown in Fig. 7 . The peaks denoted by * are ruby luminescence used for pressure calibration 
